(19) 



J 



(12) 



(43) Date of publication: 

04.06.1997 Bulletin 1997/23 

{21 ) Application number: 961 14255.1 

(22) Date of filing: 05.09.1996 



EuropSisches Patentann 
European Patent Office 
Off ice europ^en des brevets (11) EP 0 777 272 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI 6: HOI L 23/433, H01L 23/495 



(84) Designated Contracting States: 


(72) Inventors: 


DEFRGB 


• Hiraicawa, Satoshi, 




Fukuryo Semiconductor Eng.Corp. 


(30) Priority: 30.11.1995 JP 312556/95 


Fulaioka-shi, Fulcuoka 819-01 (JP) 


(71) Applicant: MITSUBISHI DENKI KABUSHIKI 


• Takao, Haruo, 


Fukuryo Semiconductor Eng.Corp. 


KAISHA 


Fukuoka-shi, Fukuoka 819-01 (JP) 


Tokyo 1 00 (JP) 




(74) Representative: Sajda, WoH E., Dipl.-Piiys. et al 




IMEISSNER, BOLTE & PARTNER 




Postfach 86 06 24 




81633 Munchen (DE) 



(54) Semiconductor device 

(57) It is an object to Improve the heat radiating effi- 
ciency while nf)aintaining close contact between a seal- 
ing resin and a heat sink. A plurality of grooves (21) are 
formed in the top nnain surface of the heat sink (51). 
Hence, the contact between the sealing resin filling a 
portion between a lead frame provided facing the top 
main surface and the heat sink (51) is excellent. These 
grooves (21) are formed on both sides of a center region 
(22) zonally extending in a position which divides the 
top main surface into two. A power semiconductor ele- 
rhent with heat generation is disposed aJbo\/e the center 
region (22) and a controlling semiconductor element 
controlling the power semiconductor element is dis- 
posed above the region where the grooves (21) are 
formed. This suppresses the thermal resistance inter- 
posed in the path through which tiie loss heat generated 
in the power semiconductor element is radiated to the 
heat sink (51). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present Invention relates to a semiconductor 
device with a lead frame, a power semiconductor ele- 
ment provided thereon land a heat sink for heat radiation 
sealed with a resin, and particularly to an inprovement 
for enhancing the heat radiating efficiency while main- 
taining the close contact between the heat sink and the 
resin. 

Descritrtion of the Backcround Art 

Fig.13 is a front sectional view showing the inside 
structure of a conventional semibonductor device as 
background of the present invention, iri this device 150, 
an IGBT element 11 as a power semiconductor element 
and controlling semiconductor elements 16 for control- 
ling operation of the IGBT element 1 1 are affixed on the 
element mounting surface of a lead frame 3 made of 
copper. Also, an aluminum heat sink 50 faces the main 
surface of the lead frame 3 on the opposite side to the 
element mounting surface. 

The lead frame 3 and the heat sink 50, including the 
various elements mourrted on the element mounting 
surface of the lead frame 3. are encapsulated with the 
electrically insulating sealing resin 2. This fixedly cou- 
ples the heat sink 50 and the lead frame 3 and also pro- 
tects the lead frame 3 and the various elements 
mounted thereon from external moisture etc. 

A srrtall gap is provided between the lead frame 3 
and the heat sink 50, which is filled with the sealing 
resin 2. This provides high electric insulation and ^ood 
heat conductivity between the lead frame 3 and the heat 
sink 50. The bottom of the heat sink 50 is exposed to the 
outside, and to this exposed surface an external radia- 
tion fin, or the like is connected to radiate the loss heat 
generated in the IGBT element 11 to the outside 
through the heat sink 50. 

Fig. 14 is an overall perspective view of the heat 
sink 50. A plurality of grooves 20 parallel to one another 
are formed almost all over the top main surface of the 
heat sink 50, i.e.. the main surface facing the lead frame 
3, across its one edge to the other. These grooves 20 
serve to enhance the close corrtact between the sealing 
resin 2 and the heat sink 50 and also to enhance the flu- 
idity of the sealing resin 2 in the process of filling with 
the sealing resin 2 when manufacturing the device 150. 

In the conventional device 150 having the grooves 
20 formed on the top main surface of the heat sink 50, 
however, the sealing resin 2 is interposed extra thick 
conesponding to the depth of the grooves 20 between 
the IGBT element 1 1 and the heat sink 50. This is a fac- 
tor which increases the thermal resistance in the path of 
the loss heat generated in the IGBT element 1 1 to the 
heat sink 50. That is to say. the conventional device 1 50 



sacrifices the radiating efficiency of the loss heat to 
improve the close contact between the sealing resin 2 
and the heat sink 50 and to improve ttie fluidity of the 
sealing resin 2. 

5 

SUMMARY OF THE INVENTION 

A first aspect of the present invention is directed to 
a semiconductor device which comprises: a lead frame 
10 being like a sheet and electrically well conducting, the 
lead frame having one side main surface and tiie other 
side main surface; a power semiconductor element 
fixed on the one side main surface: a heat sink being 
thermally well conducting and having one main surface. 
15 the one main surface provided to face the other side 
main surface with a gap; and a sealing resin which Is 
electrically insulating and fills the gap to couple the lead 
frame and tiie heat sink to each other while maintaining 
electric insulation from each other and seals the power 
20 semiconductor element; wherein a first region and a 
second region which is a remaining region other than 
tiie first region are defined in the one main surface of 
the heat sink, the first region Is flat in its entire region 
and a groove is formed In the second region, and tiie 
power serniconductor element is; disposed on the one 
side main surface selectively in a region covering the 
first region: 

Preferably, according to a second aspect of the 
present Invention, tiie semiconductor device further 
comprises a controlling semiconductor elemerrt for con- 
frolllng the power semiconductor element, the corrtrol- 
ling semiconductor element.betng fixed on the one side 
main surface selectively in a region covering the second 
region , and the sealing resin seals the corTfrolling sem- 
iconductor element, too. 

Preferably, In the semiconductor device according 
to a third aspect of the present invention, the groove is 
separated into a plurality of unit grooves. 

Preferably, in the semiconductor device according 
to a fourtii aspect of the present invention, all of the plu- 
rality of unit grooves extend in one direction. 

Preferably, In the semiconductor device according 
to a fifth aspect of the present invention, at least one 
end of each/ of the plurality of unit grooves reaches an 
edge of the one main surface of the heat sink. 

Preferably, in the semiconductor device according 
to a sixth aspect of the present invention, the first region 
Is zonally defined in a position which divides the one 
main surface of the heat sink into two, the second region 
is defined being divided on both sides of the zonal first 
region, the plurality of unit grooves are disposed on the 
both sides in divided second regions, and the one direc- 
tion is a direction perpendicular to an elongate direction 
of the zonal first region. 

Preferably, In the semiconductor device according 
to a seventh aspect of the present invention, an end on 
the first region side of each of the plurality of unit 
grooves is formed in a surface smoothly connecting a 
surface of the first region and a bottom of the each. 
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Preferably, according to the semiconductor device 
of an eighth aspect of the present invention, a trans- 
verse sectional form of the groove is almost rectangular. 

Preferably, in the semiconductor device* according 
to a ninth aspect of the present invention, the transverse s 
sectional form of the groove is a "V-shape". 

According to the device of the first aspect, the 
power semiconductor element disposed above the first 
region which is a flat region in the. one main surface of 
the heat sink allows efficient transmission of loss heat 10 
generated in the power semiconductor element to the 
heat sink. Also, the grooves formed in the second region 
which is a partial region of the one main surface of the 
heat sink enables excellent close contact between the 
heat sink and the sealing resin. That is to say. high heat is 
radiating characteristic is obtained while maintaining 
close contact 

According to the device of the second aspect, since 
it has a controlling semiconductor element controlling 
the power semiconductor elemerrt. the device can be 20 
handled easily. Furthermore, since the power semicon- 
ductor element and the controlling semiconductor ele- 
ment are respectively disposed being separated above 
the first region and above the second region, the area of 
the first region can be reduced without deteriorating the 2s 
heat radiating efficiency of loss heat of the power semi- 
conductor element and the second region where the 
groove is formed can be enlarged tathe maximum. 

According to the device of the third aspect, the 
groove is separated into a plurality of unit grooves. In 30 
other words, since a plurality of grooves (unit grooves) 
are formed in the second region, the close contact 
between the sealing resin and the heat sink is still bet- 
ter. 

According to the device of the fourth aspect, since 35 
all of the plurality of unit grooves extend in one direction, 
the fluidity of the resin flowing in the gap between the 
lead frame and the heat sink is excellent in the process 
of sealing with the resin. 

According to the device of the fifth aspect, since at 40 
least one end of each of the plurality of unit grooves 
reaches the edge of the one main surface of the heat 
sink, the fluidity of the resin flowing in the gap between 
the lead frame and the heat sink is still better in the 
process of sealing the resin. 45 

According to the device of the sixth aspect, since 
the first region is zonally defined in a position which 
divides the one main surface of the heat sink into two. 
mechanical strength of the heat sink is excellent. Fur- 
thermore, since the plurality of unit grooves are sepa- so 
rated on both ^des of the zonal first region and the unit 
grooves extend in the direction perpendicular to the 
elongate direction of the first region, the fluidity of the 
resin flowing in the gap between the lead frame and the 
heat sink is still better in the process of sealing with the ss 
resin. Particularly, it produces the effect that the resin 
smoothly flows in the narrowest interval between the 
first region and the lead frame. 

According to the device of the seventh aspect. 



since the end of each of the plurality of unit grooves on 
the first region side is formed in a surfiace smoothly con- 
necting the surface of the first region and the bottom of 
each unit groove, the fluidity of the resin flowing in the 
gap between the lead frame and the heat sink is still bet- 
ter in the process of sealing with the resin. 

According to the device of the eighth aspect, the 
almost rectangular transverse sectional form of the 
groove allows still better close contact between the heat 
sink and the sealing resin. 

According to the device of the ninth aspect, the "V- 
shaped" transverse sectional form of the groove espe- 
cially facilitates formation of the groove by press, 
processing. 

It is an object of the present invention to provide a 
semiconductor device with improved loss heat radiating 
efficiency without deteriorating close contact between 
the heat sink and the sealing resin and fluidity of the 
sealing resin. 

These and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
acconpanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg.1 is an overall perspective view of a heat sink of 
a device according to a first preferred embodiment. 

Fig.2 is a circuit diagram of the device according to 
the first preferred embodiment. 

Fig.3 is a front sectional view of the device of the 
first preferred embodiment 

ng.4 is a bottom view of the device of the first pre- 
ferred embodiment 

Rg.5 is a front sectional view of the heat sink of the 
device according to the first preferred embodiment. 

Rg.6 is an element arrangement diagram of the 
device according to the first preferred embodiment. 

Rg.7 is a side sectional view of the heat sink of tiie 
device according to the first preferred embodiment 

Rg.8 is a process diagram showing the resin seal- 
ing process of tiie device according to the first preferred 
embodiment. 

Rg.9 is a front sectional view of a heat sink of a 
device according to a secorxi preferred embodiment. 

Rg.10 is a front sectional view of another example 
of the heat sink of the device according to the second 
preferred embodiment. 

Rg.11 is a side sectional view of still another exam- 
ple of the heat sink of the device according to the sec- 
ond preferred embodiment 

Rg-12 is a plan view of a heat sink of a device 
according to a tiiird preferred embodiment. 

Rg.13 is a front sectional view of a conventional 
device. 

Rg.14 is an overall perspective view of the heat 
sink of the conventional device. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(1. Rrst Preferred Embodiment) 

First, a semiconductor device according to a first 
preferred embodiment will be described. 

(1-1. Circuit Structure) 

Fig.2 is a circuit diagram shewing the circuit struc- 
ture of a semiconductor device according to the first 
pretended embodiment. A device 101 includes a power 
circuit 10 having a power semiconductor element mod- 
ulation-controlling the flow of the- main current charged 
with supply of power to a load and a control circuit 15 
controlling operation of the power semiconductor ele- 
ment. 

The power circuit 10 includes an IGBT element 11 
as a power semicorxiuctor element ^nd a free wheel . 
diode 12. The IGBT element 11 conducts and cuts off 
(i.e., switches) the main current flowing from the collec- 
tor electrode C to the emitter electrode E in re^onse to 
the gate voltage signal inputted to the gate electrode G. 
This main current is supplied to an external load through 
the external terminals 5 connected to the collector elec- 
trode C and the emitter electrode E. The free wheel 
diode 12 connected to the IGBT element 11 in the 
inverse-parallel connection serves to prevent applica- 
tion of excessive reverse current to the IGBT element 
11. 

The control circuit 1 5 connected to the power circuit 
10 through a plurality of interconnections 14 includes 
the controlling semiconductor element 16 as an inte- 
grated circuit element playing the main role in control- 
ling the IGBT element 1 1 with a resistance element 17. 
a capacitance element 18, etc. These elements form a 
driving circuit and a protection cirojit. The driving drcurt 
is a circuit portion in the control circuit for transmitting 
the gate voltage signal to the gate electrode G in 
response to the control signal inputted to one of the plu- 
rality of external teritiinals 6. The protection circuit is a 
circuit portion for monitoring the operational environ- 
ment of the IGBT element 1 1 to prevent damage to the 
IGBT element 1 1 when an abnormality occurs. 

The protection circuit shown in Fig.2 monitors the 
voltage between the collector electrode C and the emit- 
ter electrode E, i.e., the collector-emitter voltage and, 
when the voltage becomes too large at>ove a certain 
reference value, it drives the gate electrode G to cut off 
the IGBT element 11 irrespective of the external control 
signal. The protection circuit also monitors the weak 
current flowing in the sense electrode S in proportion to 
the main current flowing in the IGBT element 11, i.e., 
the sense current, and when the main current becomes 
too targe above a certain reference value, it drives the 
gate electrode G to cut off the IGBT element 1 1 irre- 
spective of the external control signal. 

Furthermore, when an excessive voltage or an 



excessive cun^ent occurs, the protection circuit of Fig.2 
transmits a signal indicating the occurrence of the 
abnormality to the outside through the external tenni- 
nals 6, This way, the protection circuit serves to protect 
5 the IGBT element 1 1 from damage caused by an abnor- 
mality such as an excessive voltage and an excessive 
cun-ent, for example. 

<1-2. Entire Structure) 

10 

ng.3 is a front sectional view of the device 1 01 . As 
shown in Fig.?, in the de^ce 101, various elements 
included in the control circuit 15 and the power circuit 1 0 
are spidered in a plurality of portions on ttie sheet-like 

15 lead frame 3 substantially formed of metal with good 
electric conductivity, such as copper. Fig.3 shows the 
IGBT element 1 1 and the controlling semiconductor ele- 
ment 16 as representatives of these elements. These 
elements are preferably formed as bare chip elements 

20 as shown in Fig.3. 

The IGBT element 1 1 and other portions of the lead 
frame 3 are electrically connected through the alumi- 
num bonding wires 13, for example. Similarly, the con- 
trolling semiconductor element 16 and still other 

25 portions of the lead frame 3 are electrically connected 
by the gold bonding wires 19, for exanple. The lead 
frame 3 forms the interconnection pattern 4 of the con- 
trol circuit 15 and the power circuit 10 including the 
interconnection 14 and also fbrnris the external terminal 

30 6 and the external terminal 5. 

The plate-like heat sink 51 substantialty composed 
of well heat corxiucting metal such as aluminum or cop- 
per, for example, is provided to face the bottom main 
surface of the lead frame 3 on the opposite side of the 

35 top main surface on which the various elements are 
mounted (the element mounting surface). The sealing 
resin 2 with an electric insulating property and good 
thermal conductivity seals up the part of the lead frame 
3 corresponding to the interconnection pattern 4. the 

40 various elements mounted on the interconnection pat- 
tern 4 and the heat sink 51 . 

A small gap is provided between the lead frame 3 
and the heat sink 51. which is filled with the sealing 
resin 2. The sealing resin 2 put in the gap serves to 

45 electrically insulate the lead frame 3 and the heat sink 
51 and also to well transmit the loss heat generated in 
the IGBT element 1 1 from the lead frame 3 to the heat 
sink 51. The sealing resin 2 also functions to fixedly 
couple the lead frame 3 and the heat sink 51 and to pro- 

50 tect the interconnection pattern 4 and the various ele- 
mems thereon from the external moisture and the like. 

Ftg.4 is a bottom view of the device 101. Fig.3 
described above corresporxis to the section taken along 
the A-A line in ng.4. As shown in ng.4, the external ter- 

55 minals 5 and the external terminals 6 protrude to the 
outside from the side walls of the sealing resin 2, and 
the bottom main surface of the heat sinK or its main sur- 
face on the side opposite to the top main surface faicing 
the lead frame 3, is exposed in the bottom. 
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In usual usage of the device 101. an external heat 
radiation fin or the like (not shown) is connected to the 
device 101 so as to keep the thermal contact with the 
exposed surface of the heat sink 51 . or its bottom main 
surface. This allows the loss heat generated in the IGBT s 
element 11 to be efficiently radiated to the outside 
through the heat sink 51 . The sealing resin 2 is provided 
with a pair of through holes 99 to enable easy connec- 
tion of the radiation fin etc. with screws. 

(1-3. An-angement of Heat Sink and Elements) 

. Fig. 1 is a perspective view of the heat sink 51 . ng.5 
is a sectional view of the heat sink 51 taken along the 
line B-B in Fig.1. As shown in these figures, the heat 
sink 51 has a plurality of grooves 21 parallel to one 
another formed on Its top main surface. Furthermore, 
the grooves 21 are selectively formed on both sides of 
the center region 22 zonally extending from one end to 
the other end in such a position as divides the top main 
surface of the heat sink 51 into two. which is character- 
istically different from the heat sink 50 of tiie conven- 
tional device 150. Especially, all the grooves 21 are 
formed extending in the one direction perpendicular to 
the elongate direction of the zonal center region 22. 

The various elements mounted on the element 
mounting surface of the lead frame 3 are arranged so 
that they have relative relation with the region occupied 
by the grooves 21 and the center region 22. Fig. 6 is an 
element arrangement diagram showing it. which shows 
the elemerrts and the heat sink 51 in overlap. As shovvn 
in Rg.6, the device 101 has a plurality of sets of the 
power circuit 10 and the control circuit 15. (Six sets in 
the example of Rg.6.) 

As ^own in Rg.e. the IGBT element 11 and the 
free wheel diode 12 forming the power circuit 10. i.e., 
the heat generating elements, are arranged above the 
center region (first region) 22. On the other hand, the 
elements forming the control circuit 15, i.e., the ele- 
ments hardly generating heat, are arranged above a 
both side region (second regeton) 23 defined separately 
in the both sides of the center region 22 in which the 
grooves 21 are arranged. Fig.6 shows the controlling 
semiconductor elements 16 as representatives of ele- 
ments forming the control circuits 15. 

Since the grooves 21 are disposed in the troth side 
region 23. extra sealing resin 2 exists for the depth of 
the grooves 21 between the lead frame 3 and the both 
side region 23. Thus, the thermal resistance between 
the lead frame 3 and the both side region 23 is as high 
as that in the conventional device 1 50. As the grooves 
21 are not formed in the center region 22, however, the 
thermal resistance between the lead frame 3 and the 
center region 22 is low enough. 

In the device 101, the heat generating elements 
and the elements generating almost no heat are sepa- 
rated in the center region 22 with no grooves 21 and in 
the both side region 23 with the grooves 21, respec- 
tively. This considerably increases the radiation effi- 



ciency of the loss heat generated from the heat 
generating elements such as the IGBT element 1 1 as 
compared with the conventional device 150. Especially., 
since the center region 22 in which the heat generating 
elemerrts are disposed is positioned in the two-dividing 
center of the top main surface of the heat sink 51 . the 
ios^ heat is fiafc>le to diffuse all over the hieat sink 51. 
which also contributes to the increase in radiation effi- 
ciency. 

Moreover, the region occupied by the heat generat- 
ing elements such as the IGBT element 1 1 is sufficiently 
small as compared with the entire top main surface of 
the heat sink 51 , so that the region in which the grooves 
21 are disposed, though which is limited to the regions 
23 smaller than that in the conventional device 150, cov- 
ers most part of the top main surface of the heat sink 51 . 
Accordingly, the contact performance between the seal- 
ing resin 2 and the heat sink 51 is not inferior to the con- 
ventional device 150. That is to say. the device 101 of 
this preferred embodiment achieves improvement of 
radiation efficiency while nreintaining the close contact 
between the sealing resin 2 and the heat sink 51 . 

Furthermore, as the grooves 21 are not formed in 
the center region 22, the heat sink 51 has the advan- 
tage that it has excellent mechanical strength as com- 
pared with the heat sink 50 of the conventional device in 
which the grooves are formed almost all over the top 
main surface. 

<1-4. Configuration of Grooves) 

Next, the sectional form of the grooves 21 will be 
described. Fig.7 is a sectional view of the heat sink 51 
taken along the line C-C in Fig.1 , which shows the trans- 
verse sectional form of the grooves 21. As shown in 
Fig.7, the transverse section of the grooves 21 is rectan- 
gular in the heat sink 51 of the device 1 01 . Accordingly, 
the close contact between the sealing resin 2 and the 
heat sink 51 is especially excellent Instead of the rec- 
tanguiai^ transverse section, the grooves 21 may be 
almost rectangular in cross section, such as "U- 
shaped", to produce corresponding effects. 

Furthermore, since all tiie grooves 21 are formed to 
reach the edge of the top main surface of the heat sink 
51 at their one ends and to extend in the one direction 
perpendicular to the elongate direction of the center 
region 22. it has the advantage that the fluidity of the 
sealing resin 2 is also excellent in the process of sealing 
with the sealing resin 2 when manufacturing the device 
1 01 . Fig.8 is a process diagram showing this. 

Sealing with the sealing resin 2 is usually per- 
formed in two steps. Fig.8 shows the second step of the 
sealing process. In this second step of sealing process, 
the device in which the lead frame 3 and the various ele- 
ments thereon have been sealed with the first sealing 
resin 40 is further sealed with the second sealing resin 
41. The second step of sealing is carried out using the 
upper mold 34 having the cavity 35 and the lower mold 
31 having the cavity 32. 
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At this time, the heat sink 51 is placed on the bot- 
tom of the cavity 32. The liquid sealing resin 41 is 
injected through the injection path 33. heated and hard- 
ened to complete the sealing with the sealing resin 41 . 
The sealing resin 41 fills the gap between the lead 5 
frame 3 and the heat sink 51 to couple them to each 
other, and preferably, it also covers the surface of the 
sealing resin 40 as shown in Rg.8. This prevents peel- 
ing in the connection between the sealing resin 40 and 
the sealing resin 41, or invasion of water etc. from the 10 
connection to the inside. 

As shown in Fig.8, in the process of injecting the 
sealing resin 41 , the sealing resin 41 flows in the narrow 
gap between' the lower nrrain sur^ce of the lead frame 3 
and the upper main surface of the heat sink 51. Since is 
the plurality of grooves 21 are formed in the top main 
surface of the heat sink 51, which are all formed along 
one direction, setting the direction of the device as an 
object of sealing so that the opening of the injection path 
usually provided in one position is directed in the elon- 2p 
gate direction (the one direction stated atx)ve) of the 
grooves 21 smoothens the flow of the sealing resin 41 in 
the gap. 

Especially, as the grooves 21 are formed in the . 
direction perpendicular to the elongate direction of the 25 
zonal center region 22. the sealing resin 41 flowing in 
the grooves 21 flows in the gap between the center 
region 22 and the lead frame 3. This produces the 
advantage that the fluidity is excellent in the narrowest 
interval between the center region 22 and the lead 30 
frame 3. This way, the excellent fluidity of the sealing 
resin 41 in the g|ap between the heat sink 51 and the 
lead frame 3 prevents formation of voids in this gap and 
a certain breakdown voltage is stably obtained. That is 
to say, this results iri the advantage of high reliability of 35 
the device. 

As described above, in addition to the close contact 
between the heat sink 51 and the sealing resin 2 (41), 
the device 101 has the advantage that the heat radiation 
characteristic is improved while maintaining the high flu- 40 
idity of the sealing resin 2 (41) in the sealing process. 

As to a material for the second sealing resin 41, 
which Is for filling the gap between the lead frame 3 and 
the heat sink 51. a material with especially excellent 
thermal conductivity as compared with the sealing resin 45 
40 is selected as the material, such as an epoxy resin 
with fillers of silicon nitride mixed therein^ for example. 
As the sealing resin 40, an ordinary epoxy resin at rela- 
tively low price is used. 

This way, performing the sealing in two steps so 
reduces the used amount of the expensive resin to 
reduce the manufacturing cost. Furthermore, the first 
sealing j-esin 40 provides stiffness to the lead frame 3 in 
advance, which facilitates precise adjustment of the gap 
between the lead frame 3 and the heat sink 51 to be ss 
filled with the sealing resin 41. The device 101 of the 
first preferred embodiment is especially suitable for pro- 
duction with the two-step sealing. 

In the description above, the zonal region where 



grooves 21 are not formed in the top main surface of the 
heat sink 51 is placed in the position dividing the top 
main surface into two as the center region 22. as shown 
in Fig.1 . However, this zonal region may be shifted from 
the two-dividing position; It is necessary, however, that 
the heat generating elements such as the IGBT element 
.11 etc. are located in the zonal region and other ele- 
ments are located in the region where the grooves are 
formed. For example, it is possible to form the grooves 
21 only on one side of the boundary dividing the top 
main surface of the heat sink 51 into two and form no 
grooves on the other side. 

A device configured this way also improves the 
close contact between the heat sink 51 and the sealing 
resin 2 wWle maintaining the heat radiation efficiency 
high and also improves the fluidity of the sealing resin 2 
(41) in the sealing process. Also, mechanical strength of 
the heat sink 51 will be fairly high. 

(2. Second Preferred Embodiment) 

Next, various examples of shapes of the grooves 
forhied in the heat sink will be desoibed. In the heat 
sink 52 shown in the front section of Fig.9, the ends on 
the center region 22 side of the grooves 24 formed in 
the region 23 on both sides of the center region 22 are 
formed In a plane inclined at an obtuse angle with 
respect to the surface of the center region 22: This fur- 
ther improves the fluidity of the sealing resin 41 flowing 
on the top main surface of the heat sink 52 in the proc- 
ess of sealing with the sealing resin 41 (Rg.8). 

In the heat sink 53 shown in the front sectional view 
of Fig. 10. the ends on the center region 22 side of the 
grooves 25 formed in both side region 23 are formed in 
a concave surface. Accordingly, similarly to the heat 
sink 52, the fluidity of the sealing resin 41 flowing on the 
top main surface of the heat sink 53 is further improved 
in the process of sealing with the sealing reisin 41 . 

Generally, as can be seen from these examples, 
ends of the gnsoves on the center region 22 side formed 
in such shape as smoothly connects the surface of the 
center region 22 and the bottom of the grooves provide 
high fluidity to the sealing resin 41 flowing on the top 
main surface of the heat sink as in the heat sinks 52 and 
53. 

In the heat sink 54 shown in the side sectional view 
of Fig.1 1, the transverse section of the grooves 26 
formed in the both side region 23 are "V-shaped". This 
provides the advantage that the process of forming the 
grooves 26 by press processing is espedafly easy. 

(3. Third Preferred Embodiment) 

Rg.1 2 is a plan view of a heat sink in a semiconduc- 
tor device according to a third preferred embodiment, 
which shows elements and the heat sink in overlap. The 
device shown in Fig.12 is provided with two sets of the 
power circuit 10 and the control circuit 15. Similarly to 
the heat sink 51 , the heat sink 55 of this device has a 
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plurality of grooves 27 formed along one direction, at 
least one end thereof reaching the edge of the top main 
surface of the heat sink 55. Accordingly, like the heat 
sink 51 etc.. this provides good fluidity of the sealing 
resin. 

As shown In Rg.12. in this semiconductor device, 
the IGBT element 1 1 and the free wheel diode 12 form- 
ing the power circuit 10 are disposed in positions out of 
the center region which divides the top main surface of 
the heat sink 55 into two. The grooves 27 are not formed 
in the region where these heat generating elements are 
disposed, but they are selectively formed in the other 
region, The elements forming the coritrol circuit 15 such 
as the contrbllihg semiconductor element 16 are dis- 
posed in the region where the grooves 27 are formed. 

The heat sink 55 structured this way also produces 
the effect of inrproving the heat radiating efficiency while 
maintaining the close contact t>etween the heat sink 55 
and the sealing resin 2 In the same way as the devices 
of the first preferred embodiment and so forth. That is to 
say. as exemplif ied in this preferred embodiment even If 
the grooves are not fonmed in the region 23 (Fig.6) on 
both sides of the center region 22 which divides the top 
main surface of the heat sink into two, if generally the 
grooves are selectively formed in the region where heat 
generating elements are not disposed in the top main 
surface of the heat sink, it produces the effect of com- 
patibly improving the close contact of the sealing resin 
and the heat radiating efficiency. 

<4. Modified Examples) 

(1) Although the preferred embodiments described 
atx>ve have shown semiconductor devices having a 
plurality of sets of the power circuit 10 and the con- 
trol circuit 1 5. it is a matter of course that the inven- 
tion can also be similarly applied to a device having 
only one set thereof, providing the same effects. 

(2) Although the preferred embodiments described 
atxTve have shown preferred examples where the 
control circuit 1 5 forms a driving circuit and a pro- 
tection circuit, elements such as the controlling 
semiconductor elerhent 16 of the control circuit 15 
may generally form only the driving circuit. In this 
case, in the circuit diagram of Fig. 2. the IGBT ele- 
ment 1 1 does not require the sense electrode S. 
Also, the wiring coupling the collector electrode C 
and the sensei electrode S with the control circuit 1 5 

, is not required in the plurality of wirings 14. Further- 
more, part of the external terminals 6 are not 
required. 

It goes without saying that the same effects are 
obtained in the semiconductor device with the con- 
trol circuit 15 forming only the driving circuit by dis- 
posing the elements included in the control circuit 

15 such as the controlling semiconductor element 

16 etc. in the region of the top main surface of the 
heat sink where the grooves are formed and dis- 
posing the IGBT element 11 etc. in the region 



where the grooves are not formed. 
(3) The controlling semiconductor element 1 6 occu- 
pies a relatively large area in the control circuit 15 
^ and the IGBT element 1 1 is a main source of the 

5 loss heat in the power circuit 1 0. Accordingly, in the 
device of the first preferred embodiment, for exam- 
ple, it may be configured by disposing the IGBT ele- 
ment 11 in the center region 22, disposing the 
controlling semiconductor element 16 in the both 

10 side region 23 and arbitrarily disposing the remain- 
ing circuit elements such as the free wheel diode 
12. file resistance element 17, etc. in either of the 
regions. A device constituted this way also provides 
almost same effects. 

15 (4) Furthermore, generally, it can also be applied to 
a semiconductor device having only the power cir- 
cuit 10 and having no control circuit 15. Moreover, it 
is also applicable to a semiconductor device having 
only the power semiconductor element such as the 

20 IGBT element 11 as circuit elements. In such 
devices, selective formation of grooves in the region 
of the top main surface of the heat sink except the 
region In which power semiconductor elements with 
heat generation are di^osed produces the same 

25 effects. 

While the invention has been described in detail, 
the foregoing description is in cill aspects illustrative and 
not restrictive. It is understood that numerous other 
30 modifications and variations can be devised without 
departing from the scope of the invention. 

Claims 

35 1 . A semiconductor device, comprising : 

a lead frame (3) being like a sheet and electri- 
cally well conducting, the lead frame (3) having 
one side main surface and the other side main 

40 surface; 

a power semiconductor element (10) fixed on 
the one side main surface; 
a heat sink (51-55) being thermally well con- 
ducting and having one main surface, the one 

45 main surface provided to face the other side 

main surface with a gap; and 
a sealing resin (2. 40, 41} which is electrically 
insulating and fills the gap to couple the lead 
frame (3) and the heat sink (51-55) to each 

50 Other while maintaining electric insulation from 

each other and seals the power semiconductor 
element (10); 

wherein a first region (22) and a second region 
(23) which is a remaining region other than the 
55 first region (22) are defined in the one main sur- 

face of the heat sink (51 -55) ; 
the first region (22) is flat in its entire region and 
a groove (21 -27) is formed in the second region 
(23); and 



7 



13 



EP0777 272 A2 



14 



the power semiconductor element (10) is dis- 
posed on the one side main surface selectively 
in a region covering the first region (22). 

2. The device aiccordlng to claim 1 . 

further comprising a controlling semiconductor ele- 
ment (1 6) for controlling the power semiconductor 
element (10), the controlling semiconductor ele- 
ment (16) being f ixed on the one side main surface 
selectively in a region covering the second region 
(23). 

the sealing resin (2. 40. 41) sealing the controlling 
semiconductor element (16), too. 

3. The device according to claim 2, 

wherein the groove (21-27) is separated irrto a plu- 
rality of unit grooves. 

4. The device according to claim 3. 

wherein all of the plurality of unit grooves (21-27) 
extend in one direction. 

5. The device according to claim 3 or 4, 

wherein at least one end of each of the plurality of 
unit grooves (21-27) reaches an edge of the one 
main surface of the heat sink (51-55). 

6. The device according to any of claims 3 to 5, 
wherein the first region (22) is zonalty defined in a 
position which divides the one main surface of the 
heat sink (51 -55) into two. 

the second region (23) is defined so that it is divided 
into zones on both sides of the first region (22), 
the plurality of unit grooves (21-27) is disposed on 
the both sides in the divided second region (23). 
and 

the one direction is a direction perpendicular to an 
elongate direction of the zonal first region (22). 

7. The device according to any of claims 1 to 6, 
wherein the heat sink (51-55) is like a plate having 
another main surface on a side opposite to the one 
main surface and the other main surface is exposed 
to the outside. 

8. The device according to any of claims 1 to 7, 
wherein the sealing resin (2, 40, 41) has a first seal- 
ing body (40) and a second sealing body (41), 

the first sealing body (40) seals the power semicon- 
ductor element (10) and the controlling semicon- 
ductor element (16). and 

the second sealing body (41) fills the gap and also 
covers a surface of the first sealing body (40). 

9. The device according to claim 8, 

wherein the second sealing body (41) includes an 
epoxy resin with filler enhancing thermal conductiv- 
ity mixed therein. 



10. The device according to claim 9. 
wherein the filler includes silicon nitride. 

11. The device according to any of claims 1 to 10, 

5 wherein the power semiconductor element (10) is 
an IGBT 

12. the device according to claim 11, 

further corrprising a free wheel diode (12) con- 
10 nected to the IGBT, 

the free wheel diode (12) being fixed on the one 
side main surface, 

the sealing resin (2. 40, 41) sealing the free wheel 
diode, too. 

15 

13- The device according to claim 12, 

wherein the free wheel diode (12) is fixed on the 
one side main surface selectively in a region cover- 
ing the second region (23). 

20 

14. The device according to any of clainris 1 to 13, 
wherein the lead fr^ame (3) is substantially formed of 
copper, and 

the heat sink (51-55) is substantially formed of alu- 
25 minum. 

15. The device according to any of claims 6 to 14, 
wherein an end on the first region (22) side of each 
of the plurality of unit grooves (21 -27) is formed in a 

30 surface smoothly connecting a surface of the first 
region (22) and a bottom of each unit groove. 

16. The device according to clainri 15, 

wherein the end is formed in an inclined plane sur- 
35 face forming an obtuse angle (24) or a concave sur- 
face (25) with the surface of the first region (22). 

17. The device according to any of claims 1 to 16, 
wherein the transverse sectional form of the groove 

40 (21-27) is almost rectangular (21) or has a "U- 
shape" or a "V-shape" (26). 
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